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Heart failure (HF) is a growing health concern in aging societies worldwide.
Sacubitril/valsartan is changing the real-world treatment in the whole spectrum
of HF. The beginning was the PARADIGM-HF trial published in 2014, which
demonstrated the beneficial effects of inhibiting natriuretic peptide breakdown
in combination with hindering the renin-angiotensin system in HF patients
with a reduced ejection fraction. Subsequent large-scale randomized trials have
evaluated angiotensin receptor-neprilysin inhibitor in HF patients with acute
decompensation or with preserved ejection fraction. The post hoc analyses are be-
ing conducted as well. This review summarizes the recent evidence of sacubitril/
valsartan regarding patient-centered outcomes, based on randomized controlled
trials and their associated studies.
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INTRODUCTION

Comparison of angiotensin receptor-neprilysin inhigitor
(ARNI) with angiotensin converting enzyme inhibitor

Heart failure (HF) is the primary cause of cardiovascular
mortality worldwide. The prevalence of HF is approxi-
mately 15% in Korea, with similar rates in other devel-
oped countries [1,2]. However, the incidence of HF has
steadily increased over the decades, especially among
aging populations. Although significant advancements in
the treatment of HF have been achieved, the HF-related
mortality has seen little improvement [3].

In 2014, the first large scale randomized controlled
trial (RCT) of LCZ696 was published [4]. The Prospective
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(ACEI) to Determine Impact on Global Mortality and
Morbidity in Heart Failure (PARADIGM-HEF) trial showed
that ARNI could change the grim prognosis of patient
with HF. These findings led to changes in the treatment
guidelines for HF in Europe and the United States in
2016 and 2017, respectively, which recommended replac-
ing ACEISs and angiotensin receptor blockers (ARBs) with
ARNI for ambulatory HF with reduced ejection fraction
(HFrEF) [5,6]. Follow-up studies are underway to assess
extended indications for ARNI as well as to investigate its
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mechanism of beneficial action. In accordance with these
results, the use of sacubitril/valsartan is rapidly increasing
worldwide [7]. In this review, we summarize the recent
evidence on the effects of ARNI on patient-centered out-
comes from RCT's and associated studies.

MECHANISM OF THE EFFECT OF
ANGIOTENSIN RECEPTOR-NEPRILYSIN
INHIBITOR ON THE PATHOPHYSIOLOGY OF
HEART FAILURE

Neurohormonal activation in the pathophysiology of
heart failure

Traditionally, the pathophysiology of HF was largely
understood from a hemodynamic perspective. Periph-
eral vasoconstriction as well as sodium and water re-
tention were thought to contribute to the maintenance
of intravascular volume in response to pump failure.
Accordingly, patients with HF were mainly treated with
inotropes, vasodilators and diuretics. However, the he-
modynamic model did not fully explain the progressive
deterioration in HF. Moreover, the medications for
ameliorating hemodynamic change have not improved
the prognosis of HF patients [8,9]. As additional evi-
dence has emerged, the concept of HF as a neurohor-
monal disorder was proposed by Packer [10] in 1992.
The sympathetic nervous system (SNS) and renin-an-
giotensin-aldosterone system (RAAS) were identified as
the first and second neurohormonal axes, respectively,
that are activated to compensate for pump failure in
HFrEF. Although this mechanism helps the body main-
tain cardiac output in the short term, sustained activa-
tion of the SNS and RAAS can have adverse effects on
the heart and other organs. This concept was supported
by the findings that RAAS blockers such as ACEI, ARB,
and aldosterone antagonist, as well as beta-blockers im-
proved the survival of HFrEF patients [8].

The third axis of the neurohormonal mechanism is
the natriuretic peptide (NP) system, which acts in oppo-
sition to RAAS and SNS activation. NPs exert protective
effects on the heart and vasculature with increasing
the level of urinary cyclic guanosine monophosphate,
which not only enhances natriuresis and vasodilation
but also reduces SNS and RAAS activities and inhibits
adverse cardiac remodeling (Fig. 1) [11]. The effect of the
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NP system enhancement was evaluated in patients with
acute HF by the administration of nesiritide, a recom-
binant human B-type NP (BNP). However, the Acute
Study of Clinical Effectiveness of Nesiritide in Decom-
pensated Heart Failure (ASCEND-HF) found that ne-
siritide did not decrease mortality or rehospitalization
rates and resulted in an increased risk of hypotension,
leading to its discontinuation in 2018 [12]. An alternate
therapeutic target for NP system activation is inhibition
of neprilysin, which mediates the breakdown of NPs.

The development of angiotensin receptor-neprilysin
inihibitor
ARNI is a combination drug, which consists of a nepri-
lysin inhibitor and an ARB. The first-in-class ARNI sacu-
bitril/valsartan (formerly known as LCZ696) is composed
of sacubitril, the prodrug to sacubitrilat (neprilysin inhib-
itor), and valsartan (ARB). Neprilysin is a versatile enzyme
that cleaves vasodilating peptides such as NPs and brady-
kinin, as well as vasoconstricting peptides such as angio-
tensin I and IT [13]. Therefore, studies have revealed that
inhibition of neprilysin alone failed to improve the prog-
nosis of HF, likely due to its counterbalance effect [14,15].
Since inhibition of angiotensin I and II is a strategy to
improve the survival of HFrEF patients, the need for sim-
ulataneoous inhibition of RAAS and NP system emerged.
Omapatrilat is a combination drug comprising an
ACEI and neprilysin inhibitor. The Omapatrilat Versus
Enalapril Randomized Trial of Utility in Reducing Events
(OVERTURE) study compared the efficacies of omapatri-
lat and enalapril in 5,770 patients with class II-IV HFrEF
according to the New York Heart Association (NYHA)
classification system. The OVERTURE trial assessed the
primary composite endpoint of death from any cause
or HF hospitalization requiring intravenous treatment.
Omapatrilat reduced the risk of death or hospitalization
for cardiovascular causes compared with enalapril but
failed to show improved efficacy over enalapril in terms
of the primary endpoint (hazard ratio [HR], 0.94; 95%
confidence interval [CI], 0.86 to 1.03; p = 0.187) [16].
Moreover, the Omapatrilat Cardiovascular Treatment
Versus Enalapril (OCTAVE) trial, which evaluated the
efficacies of omapatrilat and enalapril in patients with
untreated or uncontrolled hypertension, showed that
omapatrilat had better efficacy as an antihypertensive
medication; however, patients treated with omapatrilat
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Figure 1. Three axes of the neurohormonal mechanism in heart failure. RAAS, renin-angiotensin-aldosterone system; ACEI,
angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; Re, receptor; MRA, mineralocorticoid receptor
antagonist; LV, left ventricular; ARNI, angiotensin receptor-neprilysin inhibitor; ANP, atrial natriuretic peptide; BNP, brain
natriuretic peptide; cGMP, cyclic guanosine monophosphate; SNS, sympathetic nervous system; BB, beta-blocker; HR, heart

rate; NPS, natriuretic peptide system.

were three times more likely to experience angioedema
compared with enalapril [17]. Since both neprilysin and
angiotensin-converting enzyme metabolize bradykinin,
the increased level of bradykinin, which is associated with
inhibiting multiple degradation pathways, may result in
more frequent and severe angioedema [18]. Given this
adverse effect, an alternative to ACEIs that inhibit down-
stream RAAS by blocking angiotensin II type I receptors
was established, creating the new ARNI drug class.

RESULTS FROM RANDOMIZED CONTROLLED
TRIALS OF ANGIOTENSIN RECEPTOR-
NEPRILYSIN INHIBITOR IN PATIENTS WITH
HEART FAILURE

Heart failure with reduced ejection fraction
The PARADIGM-HEF trial was a double-blind RCT that
compared the long-term efficacy and safety of sacubi-
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tril/valsartan with those of enalapril in 8,399 patients
with HFrEF. The study included NYHA class II-IV
patients with a left ventricular ejection fraction (LVEEF)
< 40% and increased BNP or N-terminal pro-B-type
NP (NT-proBNP) level [19]. The PARADIGM-HF trial
was prematurely terminated at a median follow-up of
27 months, because the benefit of sacubitril/valsartan
exceeded the prespecified endpoint at the interim
analysis (Table 1 and Fig. 2) [4]. The primary composite
endpoint was cardiovascular death or hospitalization
for HF, and the study found that sacubitril/valsartan
treatment resulted in an HR of 0.80 (95% CI, 0.73 to 0.87;
p < 0.001) compared with enalapril for the primary end-
point. The HRs for all-cause death and cardiovascular
death were 0.84 (95% CI, 0.76 to 0.93; p < 0.001) and 0.80
(95% CI, 0.71 to 0.89; p < 0.001), respectively. The effects
of sacubitril/valsartan on the primary endpoint were
consistent among nearly all prespecified subgroups.
Hypotension developed more often in patients treat-
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é N ed with sacubitril/valsartan, but modest increases in
E ; the serum creatinine level (= 2.5 mg/dL) occurred less
= frequently in the sacubitril/valsartan group compared
% 5 & % with the enalapril group. These findings were signifi-
2| ° S S cant, as the comparator, enalapril, had been shown to
reduce the mortality and hospitalization of HF patients
with an LVEF < 35% in the Studies of Left Ventricular
5 Dysfunction (SOLVD) trial [20]. In addition, patients
© i enrolled in the PARADIGM-HEF trial received ACEI/
g = = 3 ARB, beta-blockers, and mineralocorticoid receptor
s <c|3\ CT'D ? antagonists when clinically indicated. These findings
) S’: g suggested that inhibiting neprilysin as well as the RAAS
20; \g\ Zg and SNS reduced the risks of death and hospitalization
A . S . .
% % E among patients with HFrEF.

In the PARADIGM-HEF trial post hoc analysis, sacubi-
tril/valsartan notably reduced the risks of both sudden
cardiac death (HR, 0.80; 95% CI, 0.68 to 0.94; p = 0.008)
and death from worsening HF (HR, 0.79; 95% CI, 0.64
to 0.98; p = 0.034) compared with enalapril. In contrast,
there were no significant differences in the incidence of
non-cardiovascular death or cardiovascular death from

Endpoint
Achieved and maintained sacubitrilvalsartan

myocardial infarction or stroke between the sacubitril/
valsartan and enalapril groups [21]. While the under-
lying mechanism of sacubitril/valsartan remains un-
clear, the activated NP system promotes left ventricular

dose of 49/51 or 97/103 mg bid for more than 2 wk
Achieved and maintained any sacubitril/
valsartan dose for more than 2 wk

to12 wk?
FU, follow-up; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; NA, not available; OR, odds ratio; LVEF, left ventricular ejection fraction; LVED-

reverse remodeling and reduced myocardial fibrosis,

Valsartan ~ Change in NT-proBNP from baseline

g which may prevent the development of fatal arrhyth-
é* mias [22]. Moreover, sacubitril/valsartan reduced the
S inducibility of ventricular arrhythmia and restored the
8 = expression of downregulated potassium channels in an
g = pression of d gulated potassium channels i
§ 3; E experimental model of myocardial infarction in rats [23].
ﬁ & F These results identify possible mechanisms associated
& with the reduced sudden cardiac death observed in the
E - sacubitril/valsartan treatment groups.

The PARADIGM-HEF trial post hoc analysis by Packer et

Ischemic Mitral REgurgitation; EROA, effective regurgitant orifice area; HF, heart failure; PIONEER-HF, Comparison of Sacubitril-Valsartan versus Enalapril on
Effect on NT-proBNP in Patients Stabilized from an Acute Heart Failure Episode; RRR, relative risk ratio; HFpEF, heart failure with preserved ejection fraction; PAR-

AMOUNT, Prospective comparison of ARNI with ARB on Management Of heart failUre with preserved ejectioN fraction.

VI, left ventricular end-diastolic volume index; NT-proBNP, N-terminal-pro B-type NP; MR, mitral regurgitation; PRIME, Pharmacological Reduction of Functional,

g g al. [24] showed that sacubitril/valsartan reduced the risk

E % of nonfatal clinical deterioration in surviving patients

3 with HF. Fewer patients treated with sacubitril/valsartan

g 3 required escalation of medical therapy for HF compared

g ; with those treated with enalapril. The sacubitril/valsartan

o | e 5 = group experienced lower rates of emergency department
§ ;j% % 'é visits for HF, intensive care, intravenous inotropes and
E £ 2 '% cardiovascular or all-cause hospitalization compared
© . B~ with the enalapril group [24]. Furthermore, the time to
% ) E E’:‘* § first hospitalization for HF was significantly reduced
A B B T &~ within the first 30 days after randomization (HR, 0.60;
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Figure 2. Patient-centered outcomes in major randomized controlled trials and their sub-analyses of sacubitril/valsartan. CV,
cardiovascular; HF, heart failure; PARADIGM-HF, Prospective comparison of Angiotensin Receptor-Neprilysin Inhibitor
(ARNT) with ACEI to Determine Impact on Global Mortality and morbidity in Heart Failure; HFrEF, heart failure with reduced
ejection fraction; PIONEER-HF, Comparison of Sacubitril-Valsartan versus Enalapril on Effect on NT-proBNP in Patients Sta-
bilized from an Acute Heart Failure Episode; LVAD, left ventricular assist device; HT, heart transplantation; PARAGON-HF,
Prospective Comparison of ARNI with ARB Global Outcomes in HF With Preserved Ejection Fraction; HFpEF, heart failure
with preserved ejection fraction. *Primary endpoint. >Adjudicated outcome by a blinded clinical event committee. Rate ratio.

95% CI, 038 to 0.94). After 4 weeks of sacubitril/valsartan
treatment, the levels of urinary cyclic guanosine mono-
phosphate and serum BNP were increased, whereas the
levels of NT-proBNP and troponin T were decreased
[24], suggesting that ARNI provide clinical benefits early
during the course of treatment.

One of the limitations associated with the PARA-
DIGM-HEF trial was that the study population included
participants who could tolerate the maximal dose of
sacubitril/valsartan. However, many patients with HFrEF
experience hypotension, which is a well-known predic-
tor of morbidity and mortality in this population [25,26].
The TITRATION study was a double-blind RCT that

504  www.kjim.org

assessed the safety and tolerability of ARNI in the real
world, representative to routine practice, comparing two
up-titration regimens [27]. A total of 498 patients with an
LVEF < 35% were enrolled and treated with sacubitril/
valsartan for 12 weeks. In that study, neither an elevated
NP level nor prior use of ACEIs/ARBs was required for
eligibility. As a result, 50.4% of participants had used
low-dose ACEIs/ARBs, and 6.6% were ACEI/ARB naive.
The condensed regimen consisted of 100 mg of sacubi-
tril/valsartan twice daily for 2 weeks followed by 200 mg
twice daily, while the conservative regimen started with
50 mg twice daily for 2 weeks followed by 100 mg twice
daily for 3 weeks and then 200 mg twice daily. Overall,

https://doi.org/10.3904/kjim.2020.105


www.kjim.org

Choi HM and Shin MS. Review of ARNI in HF

75.90% of patients completed the treatment regimen,
reaching and maintaining the sacubitril/valsartan dose of
200 mg twice per day over 12 weeks. Patients randomized
to the condensed regimen had an increased frequency of
adverse events such as hypotension, renal dysfunction,
hyperkalemia and angioedema compared with the con-
servative regimen; however, the difference was not statis-
tically significant.

Although patients who switched from the low-dose
ACEI/ARB regimen to the condensed regimen had a sig-
nificantly increased risk of hypotension (systolic blood
pressure [SBP] < 95 mmHg) and lower rates of achiev-
ing treatment success, the up-titration was successful
in most patients regardless of the previous use or dose
of ACEIs/ARBs [27]. The beneficial effects of sacubitril/
valsartan were consistent among all baseline SBP groups
in the PARADIGM-HEF trial [26], and patients with low
SBP (100 to 110 mmHg) at screening did not influence
the rate of treatment success in the TITTRATION study
[28]. These findings indicate that the use of ARNI in HF
patients with low SBP should be considered based on the
same criteria used for those with normal or high SBP;
however, careful up-titration is necessary in patients
with low SBP or taking low-dose ACEIs/ARBs.

Acute heart failure

The Comparison of Sacubitril-Valsartan versus Enal-
april on Effect on NT-proBNP in Patients Stabilized
from an Acute Heart Failure Episode (PIONEER-HF)
trial was a double-blind, multi-center RCT that eval-
uated the efficacy and safety of sacubitril/valsartan
treatment for 8 weeks in patients hospitalized for acute
decompensated HF. A total of 881 patients with an
LVEF = 40% and NT-proBNP level = 1,600 pg/mL or
BNP level = 400 pg/mL who were hospitalized for acute
decompensated HF were randomly assigned to receive
sacubitril/valsartan or enalapril treatment. The primary
endpoint of the study was the time-averaged propor-
tional change in the NT-proBNP level. The study found
a greater reduction in the NT-proBNP concentration in
the sacubitril/valsartan group compared with the enal-
april group; the ratio of the NT-proBNP levels at 4 and
8 weeks (geometric mean) to the baseline level was 0.53
in the sacubitril/valsartan group and o.75 in the enal-
april group (ratio of change with sacubitril/valsartan vs.
enalapril was 0.71; 95% CI, 0.63 to 0.81; p < 0.001). More-
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over, the change in the NT-proBNP level was evident
within the first week of treatment. The sacubitril/valsar-
tan group also had a greater reduction in the high-sen-
sitivity troponin T level compared with the enalapril
group (ratio of change, 0.85; 95% CI, 0.77 to 0.94). In an
analysis of exploratory clinical outcomes, sacubitril/val-
sartan reduced the risk of rehospitalization for HF (HR,
0.56; 95% CI, 037 to 0.84), but not death (HR, 0.66; 95%
CI, 030 to 1.48) (Table 2 and Fig. 2) [29].

A recent analysis of the PIONEER-HF trial evaluated
the effect of sacubitril/valsartan compared with enal-
april on adjudicated outcomes executed by the blinded
clinical events committee. The outcomes including
death, rehospitalization for HF, left ventricular assist
device implantation, and listing for cardiac transplanta-
tion were less frequent in the sacubitril/valsartan group
compared with the enalapril group (HR, 058; 95% CI,
0.40 to 0.85; p = 0.005). The rate of rehospitalization for
HF and cardiovascular death was also significantly re-
duced in the sacubitril/valsartan group (HR, 0.58; 95%
CI, 0.39 to 0.87; p = 0.007) [30]. Since pharmacologic
treatments including diuretics, vasodilators and inotro-
pes did not improve the survival of acute HF patients
[5], these results suggest that early initiation of ARNI
for acute decompensated HF may reduce the risks of
rehospitalization and cardiovascular death. However,
cautious interpretation is needed because the primary
endpoint of the PIONEER-HF trial was not related to
these clinical outcomes.

Several studies support the early initiation of sacubi-
tril/valsartan in patients hospitalized for acute decom-
pensated HF. All participants in the PIONEER-HF trial
completed 4 weeks of sacubitril/valsartan treatment
following the 8-week study duration per protocol [31].
DeVore et al. [32] investigated this open-label extension
treatment of sacubitril/valsartan and found similar lev-
els of NT-proBNP between the enalapril and sacubitril/
valsartan groups after 4 weeks of ARNI treatment. How-
ever, the difference in the risk of cardiovascular death
or rehospitalization for HF between the groups re-
mained at 12 weeks following randomization (HR, 0.69;
95% CI, 0.49 to 0.97; p = 0.032) [32]. In another sub-study
of the PIONEER-HF trial, soluble ST2 and high-sen-
sitivity cardiac troponin T, which are considered sur-
rogate markers of myocardial stress and injury, were
significantly reduced in the sacubitril/valsartan group
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at the 1- and 4-week follow-up timepoints. Interesting-
ly, the risk of cardiovascular death or rehospitalization
for HF at week 8 was associated with the levels of these
biomarkers at week 1 (high-sensitivity cardiac troponin
T: HR, 1.34; 95% CI, 1.001 to 1.81; p = 0.049) (soluble ST2:
HR, 2.13; 95% CI, 1.31 to 3.45; p = 0.002) (NT-proBNP:
HR, 1.87; 95% CI, 1.46 to 2.40; p < 0.001) [33]. These find-
ings provide further support for the early initiation of
ARNI in patients hospitalized for acute HF.

The PIONEER-HF trial also demonstrated that the
risks of adverse events, including worsening renal func-
tion, hyperkalemia, symptomatic hypotension and an-
gioedema, were similar between the ARNI and enalapril
treatment groups [29], suggesting it is safe to start ARNI
during the index admission in acute HF patients after
stabilization. The TRANSITION study evaluated the
tolerability and safety of ARNI by initiating treatment at
different timepoints in patients hospitalized for acute
HF. In this trial, 1,002 patients with an LVEF < 40% who
were hospitalized for acute decompensated HF were
randomized to initiate sacubitril/valsartan more than
12 hours before discharge versus within 14 days after
discharge. In most patients, the starting dose of 50 mg
twice daily was used (88.4% in the pre-discharge group
and 84.5% in the post-discharge group). The percent-
age of patients who achieved the target dose of 200 mg
twice daily at the end of week 10 was similar between
the groups (45.4% in the pre-discharge group and 50.7%
in the post-discharge group; relative risk ratio [RRR],
0.90; 95% CI, 0.79 to 1.02; p = 0.099). Moreover, the rates
of maintaining any dose of ARNI for more than 2 weeks
were 86.0% and 89.6% in the pre-discharge group and
the post-discharge group, respectively (RRR, 0.96; 95%
CI, 0.92 to 1.01; p = 0.089), and the incidence of ARNI
discontinuation due to adverse events was low in both
groups (7.3% for the pre-discharge group and 4.9% for
the post-discharge group; RRR, 1.49; 95% CI, 0.90 to
2.46; p = 0.177) (Table 2) [34].

In the TRANSITION study, 29% of patients were
newly diagnosed with HFrEF. Senni et al. [35] investigat-
ed the differences in characteristics and prognosis be-
tween patients with de novo HFrEF and those with prior
HFrEF in the TRANSITION population. The patients
with de novo HFrEF were younger and had higher dia-
stolic blood pressure, more preserved renal function,
fewer comorbidities and milder symptoms compared
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with those with prior HF. The analysis showed that pa-
tients with de novo HFrEF were more likely to achieve
the target dose of 200 mg twice daily (RRR, 1.30; 95%
CI, 112 to 1.52; p < 0.001) and less likely to discontinue
ARNI due to adverse events (RRR, 0.42; 95% CI, 0.21 to
0.85; p = 0.012) compared with those with prior HFrEF.
As expected, the incidences of cardiovascular death and
rehospitalization for HF were significantly higher in
the prior HFrEF group (p = 0.003); however, this finding
may be attributed to the unfavorable baseline char-
acteristics of the patients in the prior HFrEF group.
Nevertheless, greater reductions in NT-proBNP and
high-sensitivity troponin T levels at weeks 4 and 8 were
seen in the de novo than in the prior HFrEF groups,
which may also have contributed to the improved clini-
cal outcomes of the de novo HFrEF population [35].

Heart failure with preserved ejection fraction

The Prospective comparison of ARNI with ARB on
the Management Of heart failUre with preserved
ejectioN fracTion (PARAMOUNT) trial was a phase 2
double-blind RCT assessing the efficacy and safety of
sacubitril/valsartan compared with valsartan among pa-
tients with HF with preserved ejection fraction (HFpEF).
The trial enrolled 301 patients with NYHA class II-III,
LVEF = 45% and NT-proBNP level > 400 pg/mL. The
sacubitril/valsartan group showed a significantly great-
er reduction in the NT-proBNP level compared with
the valsartan group (ratio of change of NT-proBNP at 12
weeks for ARNI vs. valsartan, 0.77; 95% CI, 0.64 to 0.92;
p = 0.005). In addition, the reductions in the left atrial
volume and dimensions were greater in the sacubitril/
valsartan group compared with the valsartan group af-
ter 36 weeks of treatment, and adverse events were sim-
ilar between the groups [36].

Similar to the PARAMOUNT trial, the Prospective
Comparison of ARNI with ARB Global Outcomes in
HF With Preserved Ejection Fraction (PARAGON-HF)
trial evaluated the efficacy and safety of ARNI in HFpEF
patients. Unlike previous trials of ARNI both studies
used valsartan as the active comparator [37]. In the PAR-
AGON-HEF trial, a total of 4,822 HF patients with NYHA
class II-IIT, LVEF = 45% and elevated NT-proBNP level
were enrolled. The primary composite endpoints were
total hospitalization for HF and cardiovascular death.
The incidence of the primary endpoint was lower but

https://doi.org/10.3904/kjim.2020.105


www.kjim.org

Choi HM and Shin MS. Review of ARNI in HF

not statistically significant in the sacubitril/valsartan
group, with a rate ratio of 0.87 (95% CI, 0.75 to 1.01; p =
0.06). Moreover, ARNI treatment did not decrease the
risk of all-cause (HR, 0.97; 95% CI, 0.84 to 1.13) or car-
diovascular (HR, 0.95; 95% CI, 0.79 to 1.16) death in HF-
PEF patients (Table 1 and Fig. 2) [38].

As none of the pharmacological therapies showed a
survival benefit in patients with HFpEF, the results of
the PARAGON-HF were discouraging for clinicians
who expected optimistic results following the PARA-
DIGM-HEF trial. One of the possible explanations for
the negative findings in the PARAGON-HF trial was the
heterogeneity in the HFpEF population and the com-
plex pathophysiology of HFpEF [39,40]. These findings
may also be explained by the lower levels of NT-proB-
NP in patients in the PARAGON-HEF trial compared
with the PARADIGM-HEF trial [41], as previous reports
suggest that a lower NT-proBNP level may arise from
reduced wall stress in HFpEF compared with HFrEF
[42]. Moreover, assuming that the beneficial effect of
ARNI in HFTEF patients is associated with reduced ad-
verse remodeling of the left ventricle following NP sys-
tem activation, this mechanism may be attenuated in
HFpEF patients, who often have smaller left ventricles
and lower NP levels [41]. A recent study demonstrated
that the level of soluble neprilysin is lower in patients
with HFpEF than in healthy controls [43], which may
also explain the reduced effects of neprilysin inhibition
among HFpEF patients. Despite these findings, the
PARAGON-HF trial showed a small reduction in the
incidence of total hospitalization for HF in the ARNI
treatment group, suggesting potential benefits in sub-
populations of HFpEF patients. Further large-scale
clinical trials with refined inclusion criteria are needed.

In the prespecified subgroup analysis, female patients
and patients with LVEF < 57% showed greater reduction
in the primary endpoint after ARNI treatment, suggest-
ing that subsets of HFpEF patients may benefit from
sacubitril/valsartan [38]. In the post hoc analysis, ARNI
reduced the risk of hospitalization for HF in women
(HR, 0.73; 95% CI, 059 to 0.90) but not in men (HR, 1.03;
95% CI, 0.84 to 1.25) with HFpEF [44]. Recently, the re-
sults from an individual patient-level pooled analysis
of the PARADIGM-HF and PARAGON-HF trials were
published. The analyses found that the LVEF signifi-
cantly affected the composite outcome in the ARNI
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treatment group (interaction p for treatment-by-con-
tinuous LVEF = 0.02), and sacubitril/valsartan was
beneficial in patients with an LVEF below the normal
range [45]. Moreover, the echocardiographic features of
patients in the PARAGON-HEF trial were different from
those in previous trials of HFpEF, highlighting the het-
erogeneity within the HFpEF population [40]. There-
fore, more detailed analyses and follow-up studies are
necessary to find the patients who are beneficial from
ARNI treatment among HFpEF patients. New HF clas-
sification methods beyond the LVEF may be required
to identify the appropriate subgroups who benefit from
contemporary HF treatments.

THE ADDITIONAL EFFECTS OF ANGIOTENSIN
RECEPTOR-NEPRILYSIN INHIBITOR

Reverse remodeling of the left ventricle
A possible mechanism of the beneficial effects con-
ferred by ARNI treatment is left ventricular remodeling.
Increased LVEF and decreased left ventricular volumes
induced by drugs or devices used for HF are associat-
ed with long-term mortality in patients with an LVEF
< 45% [46]. A recent meta-analysis demonstrated the
effect of ARNI on reverse cardiac remodeling. In that
study, HETEF patients treated with ARNI showed im-
provements in the LVEF and most cardiac remodeling
indices, including left ventricular end-diastolic volume,
left ventricular end-systolic volume, left atrial volume,
and left ventricular mass index, compared with patients
treated with ACEIs or ARBs [47].

Moreover, the PARADIGM-HF trial demonstrated
a rapid decrease in the NT-proBNP level and reduced
mortality after ARNI treatment, which may also be
associated with left ventricular remodeling. The Pro-
spective Study of Biomarkers, Symptom Improvement,
and Ventricular Remodeling During Sacubitril/Val-
sartan Therapy for Heart Failure (PROVE-HF) was a
single-arm study that assessed the correlation between
NT-proBNP level changes and cardiac remodeling in
794 patients with HFTEF treated with ARNI. The study
found a significant increase in the LVEF and decreases
in left ventricular and left atrial volumes after 6 and
12 months of treatment. The reduction in NT-proB-
NP was also associated with reverse remodeling of the
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myocardium (r = 0.430 for NT-proBNP vs. left ventricu-
lar diastolic volume index) [48].

Functional mitral regurgitation

The Pharmacological Reduction of Functional, Ischemic
Mitral REgurgitation (PRIME) study was a double-blind
RCT that compared sacubitril/valsartan with valsartan
treatment in patients with HF and chronic function-
al mitral regurgitation. A total of 118 patients with an
LVEF of 25% to 50% and severe chronic functional mi-
tral regurgitation were treated with the study drugs for
12 months. The effective regurgitant orifice area and
regurgitant volume were significantly decreased after
treatment in the sacubitril/valsartan group compared
with the valsartan group (effective regurgitant orifice
area: —0.058 + 0.095 cm” vs. —0.018 + 0.105 cm?, p = 0.032;
regurgitant volume: -11.6 + 14.4 mL vs. —4.3 + 151 mL, p
= 0.009). In addition, the sacubitril/valsartan group had
a decreased left ventricular end-diastolic volume index
(b = 0.044) [49]. The study showed that small changes in
left ventricular volume induced by ARNI may be ben-
eficial in reducing the functional mitral regurgitation.
Further research is needed to evaluate the effect of ARNI
treatment on patient-centered outcomes associated with
functional mitral regurgitation.

Aortic stiffness

Another potential mechanism underlying the beneficial
effect of ARNT treatment is a reduction in aortic stiff-
ness. In older hypertensive patients, sacubitril/valsartan
significantly reduced aortic stiffness compared with
olmesartan after 12 weeks of treatment [50]. Based on
these findings, the EVALUATE-HF trial aimed to eval-
uate the effects of sacubitril/valsartan compared with
enalapril on aortic stiffness in HFrEF patients. How-
ever, sacubitrilfvalsartan did not significantly reduce
aortic characteristic impedance compared with enal-
april. The authors suggested that these findings may
be attributed to differences between HErEF and hyper-
tensive patients, as the former may have lower levels of
aortic stiftness due to the activated NP system [51].

Protection of renal function and increased albuminuria
In a post hoc analysis of the PARADIGM-HEF trial, Dam-
man et al. [52] showed that sacubitril/valsartan resulted in
improved outcomes among patients with chronic kidney
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disease (CKD). The estimated glomerular filtration rate
(eGFR) decreased by 10.2 mL/min/1.73 m* (95% CI, 12.1 to
8.3) in patients assigned to enalapril between screening
and end of follow-up and by 7.8 mL/min/1.73 m* (95%
CI, 9.6 to 6.0) in those assigned to sacubitril/valsartan.
However, the urinary albumin/creatinine ratio (uACR)
was significantly increased during the run-in period and
remained elevated in patients treated with sacubitril/
valsartan, whereas the uACR was decreased in patients
treated with enalapril after randomization. Moreover,
patients with a worsened uACR experienced higher rates
of pre-specified renal outcomes in the enalapril group
compared with the sacubitril/valsartan group [52]. HFpEF
patients in the sacubitril/valsartan group had similar re-
sults, with a smaller reduction in the eGFR and a greater
increase in the uACR compared with the valsartan group
after 36 weeks of treatment [53]. This result was consistent
between those with and those without diabetes. Packer
et al. [54] showed that sacubitril/valsartan was associated
with a lesser decrement of eGFR than enalapril, and the
decrease in eGFR was smaller in patients without diabe-
tes than the patients with diabetes.

Although both the dilation of efferent arterioles
and the hypotensive effect by agents that block the re-
nin-angiotensin system can result in a reduction in the
eGFR, ARNI treatment mitigated this effect. This may
be attributed to activated NP system by ARNI, which
affects the complex glomerular hemodynamics [53,55].
Moreover, a similar mechanism may explain the in-
creased uACR in the ARNI treatment group. Although
an increased uACR is often considered a marker of glo-
merular damage in CKD patients, the increased uACR
during the run-in period returned to the screening lev-
el after 1 month of enalapril treatment, which suggests
that these changes are reversible. Furthermore, the
increased uACR did not decrease the eGFR and did not
affect the clinical outcomes [52]. Therefore, the prog-
nostic significance of an increased uACR in HF patients
treated with ARNI remains unclear, and extrapolating
the renal effect of ARNI beyond HF requires caution. In
patients with CKD, both sacubitril/valsartan and irbe-
sartan resulted in decreased eGFR and uACR [50].

Glycemic control

In another post hoc analysis of the PARADIGM-HEF trial,
ARNI treatment resulted in improved glycemic control
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in HFrEF patients with known diabetes or an hemoglo-
bin Aic (HbAxc) level = 6.5% [57]. The reduction in the
HbAuc level was greater in the sacubitril/valsartan group
than in the enalapril group after 3 years of treatment
(7.41% at baseline to 6.97% at 3 years vs. 7.48% at baseline
to 7.16% at 3 years). Moreover, the proportion of patients
who initiated insulin therapy was significantly lower in
the sacubitril/valsartan group compared with the enal-
april group (HR, 0.71; 95% CI, 0.56 to 0.90; p = 0.0052) [57].
Although the PARADIGM-HEF trial was not designed to
evaluate the efficacy of glycemic control, the small reduc-
tion in the HbA1c level is meaningful, as the manage-
ment of diabetes was left to the discretion of the physi-
cian. The mechanism of glycemic control may be linked
to various substrates of neprilysin, including angiotensin
I and II, glucagon-like peptide 1 (GLP-1) and bradykinin,
which can improve insulin sensitivity and cause vasodi-
lation via various pathways.

ANGIOTENSIN RECEPTOR-NEPRILYSIN
INHIBITOR IN RECENT UPDATES OF HEART
FAILURE GUIDELINES

Chronic symptomatic heart failure

Growing evidence regarding ARNI treatment has led
to several changes in HF treatment guidelines. ARNI
first appeared in the 2016 European Society of Cardi-
ology (ESC) guidelines for HF, which referenced the
results of the PARADIGM-HEF trial published in 2014.
ARNI is recommended to replace ACEI in ambulato-
ry, symptomatic patients with HFrEF despite optimal
therapy with ACEI, beta-blocker, and mineralocorticoid
receptor antagonist in ESC guideline (class I, level of
evidence B) [5]. The 2017 focused update of the 2013
American College of Cardiology/American Heart Asso-
ciation guidelines included the same recommendation
(class I, level of evidence B-R) [6]. The Korean Society
of Heart Failure updated the guideline for chronic HF
in 2018, which recommended replacing ACEIs or ARBs
with ARNTI in patients with chronic HFrEF NYHA func-
tional class I or III to reduce mortality (class I, level of
evidence B-R) [58].

Acute heart failure
The aforementioned guidelines made no recommen-
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dation regarding ARNI for patients hospitalized with
decompensated HF. Following publication of the PIO-
NEER-HEF trial in 2019, the expert consensus document
from ESC [59] and expert consensus decision pathway
from the American College of Cardiology [60] stated
that the initiation of sacubitril/valsartan instead of
ACEIs or ARBs may be considered for patients admit-
ted for decompensated HF. Although the Korean Food
and Drug Administration label has not included the
use of sacubitril/valsartan in acute HF patients to date,
the Korean Society of Heart Failure recently revised the
guideline to consider sacubitril/valsartan as an initial
treatment for patients hospitalized with acute decom-
pensated HF (class IIb, level of evidence B). However,
the main barrier to ARNI use for acute decompensated
HF in Korea is the limited adherence to guideline-di-
rected medical therapies [61].

ONGOING RANDOMIZED CONTROLLED
TRIALS OF ANGIOTENSIN RECEPTOR-
NEPRILYSIN INHIBITOR FOR HEART FAILURE

The Entresto™ (LCZ696) in Advanced Heart Failure
(LIFE Study) (HEN-LIFE) trial (NCT02816736) is en-
rolling patients with advanced HFrEF NYHA class IV
symptoms and high NT-proBNP levels. The primary
endpoint is the change in the NT-proBNP level af-
ter 24 weeks of treatment with sacubitril/valsartan or
valsartan. Since only 0.7% of patients enrolled in the
PARADIGM-HEF trial were NYHA class IV [4], the HFN-
LIFE trial will provide new evidence on the efficacy and
safety of ARNI in patients with advanced HF.

The Prospective ARNI vs. ACE Inhibitor Trial to De-
termIne Superiority in Reducing Heart Failure Events
After MI (PARADISE-MI) (NCT02924727) is evaluating
sacubitril/valsartan and ramipril in patients with an
LVEF < 40% and/or pulmonary congestion after acute
myocardial infarction. The primary composite end-
point is the occurrence of cardiovascular death, hospi-
talization for HF or outpatient HF.

The Changes in NT-proBNP and Outcomes, Safety,
and Tolerability in HFpEF Patients With Acute Decom-
pensated Heart Failure (ADHF) Who Have Been Stabi-
lized During Hospitalization and Initiated In-hospital
or Within 30 Days Post-discharge (PARAGLIDE-HF) trial
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(NCT03988634) is a double-blind RCT comparing the
efficacies of sacubitril/valsartan and valsartan in HFpEF
patients hospitalized for acute decompensated HF. This
trial closely resembles the PIONEER-HF trial but only
enrolled patients with an LVEF > 40% within the past
3 months. The primary endpoint is the change in the
NT-proBNP level after 4 and 8 weeks of treatment.

The Efficacy and Safety of LCZ696 Compared to
Valsartan on Cognitive Function in Patients With
Chronic Heart Failure and Preserved Ejection Fraction
(PERSPECTIVE) trial (NCT'028842060) is evaluating the
efficacy and safety of sacubitril/valsartan in terms of
cognitive function compared with valsartan in patients
with HFpEF after 3 years of treatment. Since neprilysin
is involved in the degradation of amyloid-g peptides,
the inhibition of neprilysin may be associated with
cognitive decline. However, the post hoc analysis of the
PARADIGM-HEF trial showed that the development of’
cognitive dysfunction was similar between the sacubi-
tril/valsartan and enalapril groups [62]. Nevertheless,
further longitudinal studies assessing the long-term
effects of ARNI are warranted. Results of the PERSPEC-
TIVE trial and post hoc analysis of the PARAGON-HF
trial will further our understanding of the effects of
ARNI on cognitive function in patients with HFpEF
(Table 3).

CONCLUSIONS

Sacubitril/valsartan treatment compensates for the
limitations of existing HF treatments, as this regimen
targets the third axis of the neurohormonal control in
HF. ARNT has shifted the HF treatment paradigm via
large-scale RCTs and has demonstrated improvements
over existing therapies such as renin-angiotensin sys-
tem blockers. Post hoc analyses of the PARADIGM-HF
trial and subsequent studies have helped elucidate the
mechanism underlying the beneficial effects of sacubi-
tril/valsartan treatment. Moreover, the indications for
ARNI are expanding, as a result of studies conducted in
patients with the full spectrum of HF. Ongoing trials
will help address several remaining questions. Long-
term follow-up studies are needed to investigate the
sustainability of benefits and delayed adverse effects of
ARNI in patient with HF.

tricular ejection fraction; NYHA, New York Heart Association; NT-proBNP, N-terminal-pro B-type NP; PARADISE-MI, Prospective ARNI vs. ACE Inhibitor Trial to DetermIne Superiority
in Reducing Heart Failure Events After MI; AMI, acute myocardial infarction; CV, cardiovascular; HF, heart failure; PARAGLIDE-HF, Changes in NT-proBNP and Outcomes, Safety, and

Tolerability in HFpEF Patients With Acute Decompensated Heart Failure (ADHF) Who Have Been Stabilized During Hospitalization and Initiated In-hospital or Within 30 Days Post-dis-

charge; PERSPECTIVE, Efficacy and Safety of LCZ696 Compared to Valsartan on Cognitive Function in Patients With Chronic Heart Failure and Preserved Ejection Fraction.

#Actual enrollment.
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